mode in the region of 1100 -2500 nm by means of an InfraAlyzer 500 NIR reflectance analyzer (BRAN+LUEBBE, Germany) equipped with a PbS detector. The temperature of the sample was kept constant by using an IUCHI Thermal ROBO TR2 temperature controller.
Spectral analysis
Sesame (Ver. 3.1: BRAN+LUEBBE, Germany) was used for spectral data collection, in which they were converted into JCAMP files for Unscrambler (Ver. 9.6: CAMO AS, Trondheim, Norway). Discriminant PLS (DPLS), SIMCA and PLS regression were calculated by using Unscrambler.
In the present study, comparisons of using two classification methods, discriminant partial least squares (DPLS) and soft independent modeling of class analogy (SIMCA), were investigated to classify natural milk, milk adulterated by whey and milk adulterated by water, with various wavelength ranges and pretreatment methods being used. The DPLS method is an alternative method for principle component analysis (PCA) in discrimination analysis. It optimizes the fitting and prediction to {0/1}, coded membership, indicating variables in the development of latent variables. 10, 11 SIMCA classification is based on making a PCA model for each class in the training set. Unknown samples are then compared to class models and assigned to classes, according to their analogy to training samples. 10 Several groups have evaluated the potential of these two classification methods with various samples. [11] [12] [13] [14] For the present study, the DPLS analysis involved giving values of -1.0, 0.0 and 1.0 to the NIR spectra of milk adulteranted by whey, natural milk, and that adulterated by water, respectively. Because there are three classes, PLS2 was used with one response variable coding for each class. The PLS model was built, and was then cross-validated. Samples with the predicted result were classified as follows: milk adulterated by whey ≤-0.5, -0.5< natural milk <0.5, and milk adulterated by water ≥0.5, respectively. Furthermore, individual PLS calibration models for the quantitative determination of adulterant contents in milk were developed, respectively.
The NIR spectra were subjected to a multiplicative scatter correction (MSC) and 2nd derivative (9-point Savitsky-Golay filter) before developing PLS models for the classification and quantitative determination. Four wavelength regions, i.e. the whole region, 1100 -1850, 2048 -2500 nm and the combination of 1100 -1850 and 2048 -2500 nm wavelength regions were employed for developing the classification and PLS models. The NIR spectra of each adulterant, i.e. that with water, or whey, were used for both calibration and validation. PLS calibration models for quantification of the adulterant contents in natural milk were built separately. Full cross validation was used to validate and find the optimum number of PLS factors for the models used for the classification and quantitative determinations. Figure 1 shows the normalization of three mean NIR spectra in the region of 1100 -2500 nm of natural milk and milk adulterated by water or whey. They illustrate two broad bands around 1450 and 1900 nm, respectively. The band of 1450 nm is mainly due to the combination of OH symmetric and antisymmetric stretching modes of water. 15 The other band is assigned to the combination mode of the OH stretching and deformation vibrations of water. 15 It can be seen that the intensity of the water bands increase with an increase in the content of water added into milk samples ( Fig. 2A) . On the other hand, the intensity of the band in the 2300 -2400 nm wavelength region changes with a change in whey content in samples ( Fig 2B) . This region is rather rich in protein bands, and may contain overtone and combination bands for lactose as well. 16, 17 Nevertheless, those mean NIR spectra are very similar to each other, and it is not easy to classify the spectra. Therefore, the DPLS and SIMCA methods were applied in this study to classify between natural and adulterated milk samples.
Results and Discussion
The statistical results for the DPLS regressions and the SIMCA are reported in Tables 2 and 3 , respectively. These classification models were developed using the different spectral regions and pretreatment spectra. The classification performances of these two methods were compared. The results show that the DPLS method yields better classification results than those using the SIMCA method. The percentage of correct classifications for the validation set (%CP) is an important factor that express the classification performance in this study. The %CP value obtained from the DPLS method was over 97.00%; on the other hand, the best result of %CP obtained from the SIMCA method was only 86.73%. Nevertheless, the classification performance of SIMCA increased when it was applied to classify the milk samples adding adulterant contents from about of 11%.
In the DPLS results, the best DPLS classification model for natural milk, milk adulterated by water and milk adulterated by whey was developed using the MSC and 2nd-derivative spectra in the whole region of 1100 -2500 nm with a PLS factor of 7. It gives the best classification performance of 100.00% correct classification of the prediction set (%CP) ( Table 2 ). Therefore, it seems that the MSC can reduce the scattering effect in milk samples, 18 and the 2nd-derivative pretreatment can enhance any spectral differences in the whole region where bands due to any differences in the milk constituents appear. Figure 3 is a plot between the given actual value (X-axis) for each class and the DPLS predicted value (Y-axis) for validation samples. It is clear from the results in Table 2 and Fig. 3 that the DPLS method is a very powerful technique to classify adulterants in natural milk, such as water or whey. Table 4 summarizes the statistical results for predicting the concentrations of water contained in milk samples. It is can be seen in Table 4 that good prediction results were obtained mostly from models built by using the MSC pretreatment spectra. Due to the power of MSC, one can reduce the scattering effects that occur in milk samples. 18 The best prediction result is obtained for water adulterated in natural milk, when the model is developed by using the MSC spectra over the whole region of 1100 -2500 nm. Its statistical results are the lowest value of the root mean square error of prediction (RMSEP) 2.159% (v/v) with a PLS factor of 4. This region contains bands arising from the combination of OH symmetric and antisymmetric stretching modes of water. 15 It is noted that the error limit of ±2.159% (v/v) is slightly higher than the minimum water content contained in a milk sample set. Therefore, when milk is adulterated by adding a very small volume of water within the error limitation value, it is not easy to determine the content of water in such a milk sample. Perhaps it is due to the fact that typical cow milk normally contains water as a main component. Thus, the small contamination of water in milk is not significantly appear in the NIR spectrum.
As for the prediction result of whey contents in adulteration of milk samples, results are given in Table 5 . The best calibration model for milk adulteration by mixing whey yields the prediction result with a RMSEP value of 0.244% (g/v) by a PLS factor of 4. This model was built using the MSC pretreated spectra of the combination regions of 1100 -1850 and 2048 -2500 nm. It may be because these regions contain useful information on whey.
16,17

Conclusions
The results obtained in this study have demonstrated that NIR spectroscopy is highly feasible to detect such adulterants as water and whey, and to determine their contents in milk 909 ANALYTICAL SCIENCES JULY 2007, VOL. 23 samples. For the detection of adulterant types, DPLS analysis used a suitable wavelength region of 1100 -2500 nm and pretreated spectra with MSC and 2nd-derivative methods; thus, an efficient DPLS model was obtained. The optimum DPLS classification model can correctly detect adulterant types with 100.00%CP for the validation set. Moreover, excellent PLS models for the determination of water or whey contents in natural milk were developed. Four wavelength regions and three pretreatment spectra methods using in PLS model development were evaluated. Finally, the most selective PLS calibration model for the quantitative determination of water content in milk built by using MSC pretreated spectra over the whole region of 1100 -2500 nm yielded prediction results with the lowest error of 2.159% (v/v). For the quantitative analysis of whey in milk, PLS calibration developed using MSC pretreated spectra in the combination regions of 1100 -1850 and 2048 -2500 nm yielded excellent results with an error limit of ±0.244% (g/v). The results obtained in this study have revealed that NIR spectroscopy in combination with a chemometric method has a feasible potential to detect and to quantify water or whey in cow milk samples. For further study, we strongly believe that the model milk samples must be enlarged to cover the greatest variation of milk constituents for practical applications in the milk industry.
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The number in parenthesis is the PLS factor number. R, Correlation coefficient; RMSEP, root mean square error of prediction. 
